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Leukocyte analysis using monoclonal antibodies in human glomerulo-
nepbritis. The leukocyte subpopulations were analyzed within both the
glomeruli and the interstitium in renal biopsies from 145 patients with
various forms of glomerulonephritis. Cells were identified by monoclo-
nal antibodies to leukocyte cell—surface antigens and immunoper-
oxidase labelling. Leukocytes, as defined by a monoclonal antibody to
the leukocyte common antigen (PHM1), were present in normal, human
renal tissue in both glomeruli (2.8 0.6 cells/glom. cross section) and
interstitium (102 18 cells/mm2). Monocytes constituted the predom-
inant infiltrating cell type in normal glomeruli (1.3 0.2) and T cells
were rarely found (0.3: range 0 to 0.8), whereas both monocytes (34
10/mm2) and T lymphocytes (33 14/mm2) were found in the normal
interstitium. In the non-proliferative forms of glomerulonephritis there
was no significant increase in the number of glomerular inflammatory
cells when compared with normal glomeruli. However, significantly
increased numbers of T lymphocytes were seen in the interstitium of
biopsies with minor non-specific changes (67 15/mm2), membranous
nephropathy (134 30/mm2), focal glomerulosclerosis (207 53/mm2),
and diabetic nephropathy (198 81/mm2). In the proliferative forms of
glomerulonephritis only crescentic GN and post-infectious GN demon-
strated significantly—increased glomerular monocytes and granulocytes.
There was no significant increase in the number of glomerular T cells
when compared with normal glomeruli. However, there was a signifi-
cant increase in the number of interstitial T lymphocytes in all forms of
proliferative glomerulonephritis when compared with the normal inter-
stitial cell population. In particular, this was seen in post-infectious GN
(183 49/mm2), IgA nephropathy (283 59/mm2), diffuse mesangial
proliferative lupus nephritis (215 64/mm2), crescentic GN (508
101/mm2), membrano-proliferative GN (481 + 127/mm2) and focal
proliferative GN (289 92/mm2). There was no significant difference in
the OKT4 : OKT8 ratio compared with that in the normal interstitium.
There was a weak negative correlation only between glomerular
leukocyte accumulation and renal function (as measured by creatinine
clearance) (r = 0.27, P < 0.01), whereas there was a strong correlation
between interstitial leukocyte accumulation and decline in creatinine
clearance (r =
—0.61; P < 0.001). This study demonstrates and
characterizes the interstitial leukocytic infiltrate, predominantly T
lymphocyte, in human glomerulonephritis and shows a strong correla-
tion with impairment of renal function.
The pathogenesis of glomerulonephritis is primarily due to
immune mechanisms. Although the role of humoral immunity
has been well established [1, 2] the contribution of cellular
immune mechanisms involving monocytes and T-lymphocytes
is less clear [3].
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Cellular immune mechanisms can only be said to play an
unequivocal part in the pathogenesis of a particular disease
when that disease can be induced in a syngeneic animal by the
transfer of sensitized lymphocytes, but not by the transfer of
serum alone. Although this has recently been accomplished in
animal models of both nephrotoxic nephritis and immune
complex—mediated glomerulonephritis [4, 5], this approach is
clearly not applicable to the investigation of human glomerulo-
nephritis. More indirect approaches have therefore been de-
vised to assess the cellular arm of the immune response in
patients with glomerulonephritis [6]. One such approach in
human glomerulonephritis is to attempt to identify the compo-
nents of a cell mediated immune response in situ. Examination
of the glomeruli using monoclonal antibodies has demonstrated
monocytes, with no significant increase in lymphocytes, in
crescentic GN and post-infectious GN. There was no significant
increase in glomerular mononuclear leukocytes in any other
form of glomerulonephritis.
In contrast, interstitial mononuclear hypercellularity has
been a recognized feature of several forms of glomerulonephri-
tis [7], However, until monoclonal antibody technology became
available it was not possible to characterize these mononuclear
cells. The aims of this study were, therefore, to characterize the
leucocytic participants in situ, both within the glomerulus
(substantially extending our previous observations) and in the
interstitium, using a panel of monoclonal antibodies which are
highly specific and sensitive markers of leukocyte subpopula-
tions.
A significant interstitial, mononuclear leukocytic infiltrate
was found in all forms of GN except minimal change nephrop-
athy, and the effect of this infiltrate on renal function was also
evaluated.
Methods
Tissue
Diagnostic renal biopsies from 145 patients with glomerulo-
nephritis were studied over a period of 2'i'2 years. The biopsies
were essentially sequential, although some patients who under-
went renal biopsy did not have sufficient material and other
biopsies were omitted because of technical difficulties in proc-
essing. Thirteen control normal sections were obtained from
cadaver nephrectomies unused for transplantation and kidneys
removed for localized tumors. All tissue specimens were rou-
tinely processed for light microscopy, immunofluorescence and
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Table 1. Monoclonal and antibody specificities
Monoclonal
antibody Specificity Reference
PHM 1 Common leucotyte antigen
(Not expressed on renal
interstitial dendritic cells)
[9,10]
0KM 1 Monocytes, granulocytes,
subset T cells
[11]
FMC 32 Monocytes and renal inter-
stitial dendritic cells
[12,10]
FMC 10 Granulocytes [13]
9.6 (lyt 3) Total T lymphocytes [14]
OKT 4 Helper/inducer T lymphocytes [151
OKT 8 Suppressor/cytotoxic T
lymphocytes
[16]
PHM 14, B-i B lymphocytes [17,18]
Leu-7 NK cells [19]
electron microscopy. In addition, a portion of each renal biopsy
was processed for immunoperoxidase staining with monoclonal
antibodies. These specimens were fixed with freshly prepared
periodate—lysine—paraformaldehyde (PLP) for two hours at 4°C
[8], washed in several changes of PBS containing 7% sucrose,
snap frozen and stored at —80°C. Cryostat sections (6 m) were
prepared on the day of staining and adhesion to microscope
slides was achieved by prior gelatin coating of the slides.
Monoclonal antibodies
A panel of monoclonal antibodies to leukocyte cell surface
antigens was used for analysis of renal leukocytes. Table 1 lists
the characteristics of these monoclonal antibodies.
Tissue localization
A sensitive four layer peroxidase—antiperoxidase (PAP) tech-
nique was used. Briefly, as previously described [8], sections
were incubated sequentially with monoclonal antibody; rabbit
anti-mouse immunoglobulin (RAM) 1: 400 for 15 minutes, swine
anti-rabbit immunoglobulin (SAR) (Dako) 1:40 for 15 minutes,
and peroxidase—antiperoxidase (rabbit) complexes (PAP)
(Dako) 1: 100 for 30 minutes, followed by 3', 5', diamino—ben-
zidine (DAB) and hydrogen peroxide for three to five minutes.
Sections were counterstained with hemotoxylin, then dehy-
drated, mounted and examined using a Leitz Dialux microscope
(Leitz Inc., Heerbrugg, Switzerland). Endogenous peroxidase
activity was blocked by adding 0.3% sodium azide to the DAB
solution. Specificity of labelling was shown by lack of staining
following substitution of PBS for the primary monoclonal
antibody. Positive staining of interstitial leukocytes provided a
positive internal control in those sections where there were no
identifiable intraglomerular leukocytes. This was particularly
important in the assessment of intraglomerular lymphocytes.
Quantitation
Glomerular leukocytes. The number of glomeruli available
for counting varied from three per section to 20 per section. For
each biopsy the number of labelled cells was counted in each
glomerulus and expressed as the number of cells per glomerular
cross section. The total leukocyte numbers were identified
using the McAb to the common leukocyte antigen (PHM1);
however, in 12 biopsies within the post-infectious and crescen-
tic groups, the total glomerular leukocyte count was derived
from the sum of the subpopulations of leukocytes.
Interstitial leukocytes. Cells in the interstitium were counted
using an eye piece graticule to identify ten microscopic fields,
each 0.02 mm2, and hence a total area of 0.2 mm2 was counted.
This approximated to an area equivalent to 25 glomerular cross
sections. The numbers were then expressed as cells per mm2.
The sections were counted in a sequence of adjacent fields, and
no adjustment of field was made except to avoid glomeruli and
large vessels. Again, the total cell numbers were identified using
PHM1, the common—leukocyte antigen marker, which was
shown to provide dense labelling and reliable staining. All other
cell counts were expressed as a percentage of this total cell
number. Because of the patchy nature of the infiltrate this
occasionally led to minor discrepanices between the total cell
numbers as defined by PHM1 and the total obtained from the
sum of the cells labelled by individual monoclonal antibodies.
For each histological group, numbers were expressed as the
mean cells per square millimeter standard error of the mean
(sEM).
Renal function
Serum creatinine was determined and endogenous 24 hour
creatinine clearance was used to measure the glomerular filtra-
tion rate. This functional assessment was carried out at the time
of the biopsy. Because of the circumstances which usually
surround kidney procurement, renal function and urinary pa-
rameters were incomplete for many normal kidneys and hence
no valid comparison of creatinine clearance and urinary indices
between normal and diseased states could be made.
Statistical analysis
The data were analyzed on a Digital Vax Computer using
programs from the SPSS Batch System. Generally, non-par-
ametric statistics were employed because of the relatively small
numbers in each group. In particular, the Mann—Whitney U,
Wilcoxon rank sum test was applied to compare absolute
numbers of cells between groups, and the Kolmagorov—Smir-
nov 2-sample test was used to compare proportions of cells
between groups. Correlations were determined using
Spearman's test. When very small numbers were seen, means
were expressed with ranges rather than SEM, and where large
numbers were involved, Student's t-test was applied.
Results
Figure 1 illustrates the morphology and staining of sections of
a renal biopsy from a patient with crescentic glomerulonephri-
tis. There is a prominent periglomerular infiltrate composed
mainly of T lymphocytes. Both 0KT4 and OKT8 lympho-
cytes are demonstrated. There are monocytes but no T lym-
phocytes within the glomerulus, but both monocytes and T
lymphocytes are present in the interstitium.
Glomerular leukocyte infiltration (Table 2)
Normal tissue. The mean intraglomerular leukocyte count, as
defined by the leukocyte common antigen (PHM1), was 2.8
0.6 (sEM) cells per glomerular cross section. This total com-
prised monocytes, granulocytes and an occasional T lympho-
cyte. B cells and NK cells were only rarely identified. Cells
labelled by the monoclonal antibody OKM1 (monocytes and
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Fig. 1. Immunoperoxidase staining of a renal
biopsy from a patient with crescentic
glomerulonephritis. A. There is a prominent
periglomenilar mononuclear cell infiltrate
which is positively labelled with the
monoclonal antibody to the common
leukocyte antigen (PHM1). There are
positively staining leukocytes also within the
glomerular tuft and the glomerular crescent.
B. 0KM! labels monocytes within the
glomerular tuft (arrow) and a small number of
cells within the interstitium. C. OKT4 labels
cells within the renal interstitium but none are
demonstrated within the glomerular tuft. D.
OKT8 labels a similar number of cells within
the renal interstitium as OKT4. Although the
glomerular tuft is only partly shown, it can be
seen from Table 3 that overall, very few
lymphocytes were demonstrated within
glomeruli. Abbreviations are: GT, glomerular
tuft; C, crescent; I, renal interstitium,
glomerulus. Comparision of individual cell types between nor-
mal glomeruli and non-proliferative glomerulonephritides dem-
onstrated significant decreases in intraglomerular monocytes in
those biopsies showing mild non-specific abnormalities, mem-
branous nephropathy and focal glomerulosclerosis. In the min-
imal lesion group there was a significant decrease in cells
polymorphs) accounted for 3.3 1.0 cells per glomerular cross cells, B cells and NK cells were rarely identified within the
section, providing confirmation of the above figures.
Non-proliferative glomerulonephritis. There was no signifi-
cant difference between total intraglomerular leukocyte counts
when the disease states in this category were compared to
normal. The main, identified cell type had the monocyte/mac-
rophage phenotype and an occasional granulocyte was seen. T
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Table 2. Intraglomerular leukocytes
Number
of
patients
Total
leukocytes Monocytes Granulocytes
0KM!
+ve
cells
T
Lymphocytes
B
Lymphocytes
Normal 13 2.8 0.6a 1.3 0.2 1.0 0.3 3.3 1.0 0.3(0—0.8)" 0.04(0—0.4)
Non-Proliferative ON
Non-spec. 19 2.2 0.7 0.6 0.1" 0.4 0,1d 1.3 0,3d 0.3(0—1.5) 0.08(0—0.7)Mi les. 4 2.9 1.7 NA 0'' 0.4 03d 1.3(06—2.0) 0.3(0—1.0)
Membr. 13 2.8 1.1 0.4 0.2e 0.4 0.4" 1.6 0.8" 0.2(0—1.0) 0
FGS 13 2.0 0.6 0.6 Q•3i 0.6 0.3 2.3 0,7 0.1(0—0.5) 0.1(0—0.3)
Diab. 9 2.1 0.6 1.2 0.4 0.3 0.2 0.9 0.5" 0.6(0—1.0) 0.1(0—0.2)
Proliferative GN
PINF 8 31.7 8.8 18.7 7.2e 17.1 7.5" 25.5 59e 1.0(0—2.0) NA"
1db. 6 2.5 1.2 NA 3.8(0—7.5) 6.8 0.8 0.1(0—0.2) NA
IgA 18 3.8 0.7 0.7 0.3 0.8 0.3 3.3 0.7 0.7(0—2.3) 0.04(0—0.2)
SLE 13 3.3 0.6 1.5 0.5 0.4 0.2 2.3 0.9 0.1(0—0.5) 0.1(0-0.5)
Cresc. 14 13.1 6.0 7.5 2.1 5.9 4.4 5.0 1.6 0.6(0—2.3) 0
MPGN 8 12.0 4.9 4.4 1.7 2.9 1.8 10.8 4.5 0.2(0—0.6) 1.4(0—3.0)
Focal 10 3.1 1.5 0.9 0.4 1.4 1.3 2.9 1.0 1.1(0—3.5) 0.5(0—2.5)
lnterst. neph. 10 2.7 0.8 0.9 0.6 1.0 0.6 2.6 1.0 0.5(0—1.3) 0.02(0—0.1)
Abbreviations are: Non-spec., minor non-specific glomerular abnormalitis; Mi les., minimal lesion GN; Membr., membranous GN; FGS, focal
glomerulosclerosis; Diab., diabetic nephropathy; PINF, postinfectious GN; Idio., idiopatic mesangial proliferative GN; IgA, diffuse mesangia!
proliferative GN due to mesangial IgA deposition; SLE, diffuse proliferative ON due to systemic lupus erythematosus; Cresc., crescentic ON;
MPGN, membranoproliferative ON; Focal, focal proliferative GN; Interst. neph., interstitial nephropathy.
a Expressed as cells per glomerular cross-section (mean SEM)b Where numbers were very small, ranges have been used
"No data available
"P < 0.05
ep < 0.01
fp < 0.001
Table 3. Intraglomerular leukocytes according to immunoglobulin deposition
Total
leukocytes P Monocytes P Granulocytes P
I
Lymphocytes P
IgG —ye 4.1 0.8 <0.05 1.7 0.5 <0.05 1.1 0.3 NS 0.5 0.1 NS
+ve 9.6 2.6 4.5 1.3 3.8 1.7 0.4 0.1
1gM —ye 10.4 2.3 <0.001 5.5 1.5 <0.01 4.0 1.5 <0.05 0.5 0.1 NS
+ve 2.5 0.3 0.9 0.2 0.5 0.1 0.4 0.1
IgA —ye 7.4 1.8 NS 3.3 0.9 NS 3.0 1.3 NS 0.5 0.1 NS
+ve 5.6 1.7 2.8 1.3 1.6 0.9 0.4 0.1
C3 —ye 4.2 0.9 NS 1.3 0.4 <0.05 1.1 0.5 NS 0.7 0.3 NS
+ve 7.1 1.5 3.4 0.9 2.7 1.0 0.4 0.1
Fibrinogen —ye 4.3 0.8 <0.05 2.1 0.7 NS 0.9 0.3 <0.05 0.4 0.1 NS
+ve 9.4 2,5 4.2 1.3 4.3 1.8 0.5 0.1
NS, Not significant (F> 0.05)
a Expressed as cells per glomerular cross section (mean SEM)
labelled by 0KM 1. There was a significant reduction in OKM1
labelled cells in diabetic nephropathy 0.9 0.5 compared with
normals 3.3 1.0 (P <0.05).
Proliferative glomerulonephritis. A significant increase in the
total number of infiltrating leukocytes (labelled by PHM1) was
seen in the glomeruli of patients with post-infectious glomeru-
lonephritis (31.7 8.8; P < 0.001) and crescentic glomerulone-
phritis (13.1 6.0; P < 0.001). In the post-infectious category,
these comprised increases in monocytes and granulocytes with
no significant increase in T cells or B cells. In the crescentic
glomerulonephritides, intraglomerular monocytes only were
significantly increased. There was no increase in the number of
glomerular T cells in any form of proliferative glomerulonephri-
tis.
Interstitial nephropathy. The mean total glomerular leuko-
cyte count in the interstitial nephropathy group was 2.7 + 0.8
cells per glomerular cross section. This was not significantly
different from normal or non-proliferative glomerulonephritis,
but was significantly less than the number seen in the prolifer-
ative glomerulonephritis group 9.9 2.0 (P < 0.05).
Glomerular immune reactant deposition (Table 3). Immune
reactant deposition was shown to be associated with altered
glomerular leukocyte populations.
Monocyte accumulation was increased in the presence of IgG
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Table 4. Intraglomerular leukocytes according to site of electron dense deposits
Total
leukocytes P Monocytes P Granulocytes
OKMI +ve
P leukocytes
T
P Lymphocytes P
Subepithelial
deposits
absent 5.1 1.2 NS 2.0 0.5 NS 1.9 0.9 NS 3.2 0.6 NS 0.4 0.1 NS
present 10.9 3.6 5.6 2.4 4.3 2.2 6.8 2,4 0.5 0.1
Intra-membranous
deposits
absent 6.6 1.4 NS 3.1 0.9 NS 2.3 0.8 NS 4.1 0.9 NS 0.5 0.1 <0.05
present 6.7 4.1 1.5 0.6 3.0 2.7 3.8 2.2 0.2 0.1
Subendothelial
deposits
absent 5.2 1.2 <0.05 2.1 0.6 NS 2.1 0.9 NS 2.8 0.5 <0.05 0.5 0.1 NS
present 14.6 4.9 4.6 3.0 4.6 2.6 11.8 3.9 0.4 0.2
Mesangial
deposits
absent 5.9 1.5 NS 2.5 0.7 NS 2.5 1.1 NS 3.1 0.7 NS 0.5 0.1 NS
present 8.4 2.8 4,0 2.3 2.5 1.4 6.6 2.1 0.4 0.1
Significance of difference between groups was assessed using Student's t-test
a Expressed as cells/glomerular cross section (mean SEM)
Table 5. Interstitial leukocytes
Number Total T OKT4/OKT8 B
of patients leukocytes Monocytes Granulocytes Lymphocytes ratio Lymphocytes
Normal 13 102 18 34 10 34%" 7.0 2.5 7% 33 14 33% 1.3 0.5 2.5 1.0 2%
Non-proliferative GN
Non-spec. 19 203 42 57 15 28% 7.0 1.5 3% 66 lS 32% 1.0 0.4 6.0 3.0 3%
Mm. les. 4 78 24 8 3 10% 5,0 5.0 6% 31 12 40% 0.2 0.1 NAC NA
Membranous 13 219 41C 48 15 22% 10.0 3.5 5% 134 30 61% 0.5 0.1 15.0 5.0 7%
FGS 13 424 '74 145 40 34% 13.0 3.5 3% 207 53 49% 1.9 0.6 29 14,Oe 7%
Diabetes 9 221 4QC 49 17 22% 9.0 4.5 4% 198 8l 89% 1.0 0.4 4.0 2.5 2%
Proliferative GN
PINF 8 472 l22 124 43C 26% 41 l8 9% 183 l9 39% 1.4 0.8 43 i5 9%
Idio. 6 582 262 128 63 22% 10 5.0 2% 447 199 77% 0.9 0.6 NA NA
IgA 18 565 105g 120 32 21% 45 26 8% 283 59g 50% 1.4 0.2 45 l8 8%
SLE 13 303 62 79 19 26% 8.0 2.0 2% 215 64g 71%f 1.9 0.7 28 9.0 9%
Cresc. 14 790 l7 171 32 22% 17.0 5.0 2% 508 l0l 64% 1.0 0.2 83 30 10%
MPGN 8 690 l5V 186 33g 27% 29 1l 4% 481 127g 70% 1.4 0.5 186 S8 27%
Focal 10 460 82e 96 28 21% 11.0 4.0 2% 289 92g 63% 1.2 0.6 30 12r
Interst. nephr. 10 1425 447 359 146 25% 72 37 5% 861 240g 6O% 1.6 0.3 174 68g 12%
a Expressed as cells per square millimeter
"Percentage of total leucocytes (defined by common leucocyte marker, PHM-1)
No data available
P < 0.05
1P < 0.01
sP < 0.001
when all biopsies showing the presence of IgG on fluorescence
microscopy were compared with those negative for IgG. In
patients with crescentic nephritis, there was a marked increase
in glomerular tuft leukocytes where glomerular IgG was dem-
onstrated compared with those crescentic biopsies which did
not demonstrate positive staining for IgG (IgG positive 24.4
13.6, IgG negative 5.0 0.7; P < 0.05).
Glomerular leukocyte numbers were significantly decreased
in the presence of 1gM.
There was no significant alteration in the intraglomerular
leukocyte populations according to the presence or absence of
IgA deposition.
There was a statistically significant increase in glomerular
monocyte numbers in the presence of C3 deposition.
Fibrin deposition was associated with a significant increase in
the glomerular accumulation of total leukocytes. There was a
concomitant increase in granulocyte accumulation. There was
an increased number of glomerular tuft monocytes in the
presence of fibrinogen deposition, but this did not reach statis-
tical significance.
In all the above categories, no significant difference in the
minimal numbers of T cells, B cells and NK cells was seen in
the presence or absence of immune reactants.
Leukocyte subpopulations related to electron—dense deposit
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Fig. 2. T lymphocytes in the glomerulus and the interstilium. Although
occasional T cells are seen in the glomeruli in some biopsies there is no
significant increase in any form of glomerulonephritis. However, T
lymphocytes constitute the predominant cell type in the interstitium in
human glomerulonephritis with the exception of minimal change
disease.
formation (Table 4). Glomerular leukocyte numbers were not
related to the presence or absence of electron dense deposits in
subepithelial, intramembranous or mesangial sites. However,
there was a significant increase in infiltrating glomerular leuko-
cytes associated with subendothelial deposits.
Interstitial leukocyte infiltration (Table 5).
Interstitial mononuclear cell infiltration was present in all
forms of glomerulonephritis and was a prominent feature in
those proliferative glomerulonephritides.
Normal. Leukocytes, as labelled by the monoclonal antibody
to the leukocyte common antigen, were identified within the
interstitium of normal renal tissue (102 18 cells/mm2).
Thirty—four per cent of these cells were monocytes, 33% T
lymphocytes and granulocytes 7%. The mean in situ
OKT4IOKT8 ratio was 1.3 0.5.
Non-proliferative glomerulonephritis. A significant increase
in interstitial leukocytes above normal was seen in membranous
nephropathy, focal glomeruloscierosis and diabetic nephrop-
athy. There was no significant increase in interstitial monocytes
or granulocytes seen in any of the non-proliferative glomeru-
lonephritides. There was a small increase in B lymphocytes in
membranous nephropathy and focal glomerulosclerosis. The
predominant cell type was the T lymphocyte, with significant
increases seen in membranous nephropathy, focal glomerulo-
sclerosis, diabetic nephropathy, and even those biopsies which
only showed mild, non-specific glomerular abnormalities.
The OKT4/OKT8 ratio for each disease state varied between
0.5 and 1.9, but the differences were not statistically different
from the normal, renal interstitial OKT4/OKT8 ratio.
Proliferative glomerulonephritis. There was a significant in-
crease in total interstitial leukocyte numbers in each of the
seven types of proliferative glomerulonephritis. There was no
alteration in the proportions of monocytes or granulocytes
comprising the interstitial infiltrate; however, in some disease
states there was a significant increase in absolute numbers.
Compared with normal interstitium, the number of monocytes
was significantly increased in post-infectious glomerulonephri-
tis, IgA nephropathy, membrano-proliferative glomerulonephri-
tis and focal proliferative glomerulonephritis. Granulocytes
were identified within the interstitium only in small numbers in
all disease states, but were significantly increased in post-
infectious glomerulonephritis and membrano-proliferative gb-
merulonephritis when compared with normal.
The predominant cell in the interstitial infiltrate was the T
lymphocyte. There was a marked increase in interstitial T
lymphocytes in all forms of proliferative glomerulonephritis.
The OKT4/OKT8 ratio ranged from 0.9 to 1.9 but was not
significantly altered from the normal ratio in any disease state.
Interstitial nephritis. All cell types were significantly in-
creased in number in the interstitial nephritis group, with a
marked increase in the proportion of T lymphocytes—60% (P <
0.01). Comparison of cell populations in interstitial nephritis
and proliferative glomerulonephritis revealed no significant
differences apart from a decrease in monocyte and granulocyte
numbers in lupus nephritis and a decrease in B lymphocytes in
IgA nephropathy.
Comparison between T lymphocytes in the glomerulus and
interstitium (Fig. 2). T lymphocytes within the glomerulus were
not identified in greater numbers than normal in any form of
glomerulonephritis, whereas T lymphocytes comprised the
greater portion of the interstitial inflammatory infiltrate in all
forms of GN except minimal change nephropathy.
Renal function, urinary indices and leukocyte populations
(Table 6). There was a clear correlation between the number of
interstitial total leukocytes and impairment of renal function as
measured by both the serum creatinine (r = 0.60; P = 0.001)
and the creatinine clearance (r =
—0.58; P = 0.001).
The proportions of monocytes, lymphocytes and granulo-
cytes comprising the interstitial infiltrate were examined ac-
cording to the degree of renal impairment. There was no
significant change in cell proportions (by analysis of variance)
as renal function deteriorated.
The correlation between infiltrating interstitial cells and renal
functional impairment was strongest for T cells (r =0.54; P =
0.001) and weaker, yet significant for monocytes (r = 0.46;P =
0.001) and B lymphocytes (r = 0.33; P = 0.001).
There was no good correlation between proteinuria, urinary
red cell excretion and glomerular leukocyte accumulation.
Relationship between intraglomerular monocytes and inter-
stitial leukocyte infiltration. There was a significant correlation
between intraglomerular monocytes and the total number of
interstitial leukocytes (r = 0.42; P = 0.001). This correlation
was also seen particularly with interstitial T lymphocytes (r =
0.39; P = 0.001) and B lymphocytes (r = 0.44; P = 0.001).
Discussion
With the advent of monoclonal antibodies as specific markers
of functional subpopulations of leukocytes [9, 15], and the
development of suitable and sensitive techniques to localize
such markers within tissues [8], it has recently become feasible
to identify and localize infiltrating leukocytes in situ within the
kidney [61. The leukocyte profile within diseased gbomeruli has
been delineated for many forms of glomerubonephritis [20] and
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Table 6. Correlation between interstitial leukocytes and renal function and between glomerular leukocytes and renal function
Site
Total
leukocytes Monocytes Granulocytes
B
Lymphocytes
T
Lymphocytes OKT4IOKT8
Serum creatinine I
G
r = O.60C
r = 027b
r =
r =
0.46c
032b
NS
r = 025b
r = 0.33 r =
NS
0.54C NS
Creatinine clearance I
G
r = 0.58C
r =
r
r = r =
NS r =
NS
r = 0.52c
Urinary protein excretion I
G
NS
r = O.18a
NS
NS
NS
NS
NS r =
NS
OW' NS
Urinary red cell excretion I
G
NS
r = O.24'
NS
NS
NS
NS
NS NS
r = O.22a
NS
Abbreviations are: I, interstitial cells; G, glomerular cells.
ap < 0.05
bp < 0.01P < 0.001
this study has extended these previous observations, deter-
mined the relationship with glomerular immune reactants, and
emphasized the importance of the interstitial changes that occur
in most types of human glomerulonephritis and which have not
been fully appreciated in the past.
The normal leukocytic component of both glomeruli and
interstitium has been determined. There is a consistent small
population of cells of monocyte—macrophage phenotype within
the glomerulus itself. Such cells have been recognized by tissue
culture of normal human and animal glomeruli [21, 221,and may
be analogous to the resident Ia glomerular cell with the
properties of mononuclear phagocytes recently described by
Schreiner et al in rats [23]. T cells were rarely seen within the
normal glomerulus and B cells, NK cells and polymorphonu-
clear leukocytes were never identified. In contrast, the normal
interstitium contained a significant number of leukocytes con-
sisting predominantly of monocytes and T cells but with occa-
sional B cells and granulocytes also present.
In several forms of human non-proliferative glomerulonephri-
tis, there is diminution in numbers of monocytes in glomeruli,
an observation not previously described. This reduction in
resident glomerular macrophages was seen in those biopsies
showing minor non-specific glomerular abnormalities, minimal
lesion nephropathy, membranous nephropathy and focal gb-
merulosclerosis. The mechanism of this alteration is not clear.
Our results demonstrate that the presence of 1gM appeared to
mitigate against the accumulation of glomerular mononuclear
cells when examined over the whole spectrum of glomerulone-
phritides. However, this would not explain the situation in
membranous nephropathy where marked subepithelial IgG dep-
osition was present, and might from our overall correlations be
expected to be associated with increased monocyte accumula-
tion. Indeed, mononuclear phagocytes are known to express
receptors for the Fc portion of IgG monomers and complexes
[241.
Glomerular leukocyte (monocytes and granulocytes) accu-
mulation was shown to be significantly increased in the pres-
ence of subendothelial deposits on electron microscopy. This
finding accords with that of Magil, Wadsworth and Loewen [251
who found increased gbomerular monocytes (using non-specific
esterase staining) in the presence of subendothelial deposits.
They postulated that the proximity of the deposits to the
capillary lumen together with chemotactic components of com-
plement led to the monocyte accumulation.
Whether or not gbomerular macrophage accumulation is
involved in cellular immune reactions, macrophages do have a
pathogenic role. In both human and experimental glomerubone-
phritis macrophages in nephritic glomeruli have expressed the
procoagulant tissue factor which triggers the extrinsic pathway
of coagulation leading to fibrin deposition [26, 27]. Macro-
phages also play a role in extracapillary crescent formation [6].
The paucity of infiltrating glomerular leukocytes, particularly
T cells, glomerulonephritis other than crescentic glomerulone-
phritis and post-infectious glomerulonephritis, contrasts mark-
edly with the extensive mononuclear leukocytic infiltrate, (in-
cluding T cell) in the renal interstitium in most types of
glomerulonephritis. Recent monoclonal antibody analysis of the
classical cutaneous delayed—type hypersensitivity (DTH) reac-
tion has demonstrated a response characterized by T lympho-
cytes and monocytes, particularly related to small blood ves-
sels, early enrichment of T4 cells and later infiltration by further
T lymphocytes and monocytes [281. This pattern of mononu-
clear cell infiltration is very similar to that seen in the intersti-
tium in this study and in other studies [29, 30], suggesting that
delayed type hypersensitivity may play a role in the im-
munopathogenesis of the interstitial renal damage in glomeru-
lonephritis.
Whether the interstitial inflammation is initiated by the same
antigen which initiates the glomerular injury or whether it is a
reaction to unmasked antigen leaking from damaged tubules
and reacting with circulating antibody in the peritubular capil-
laries [31], remains unresolved. In experimental models of
tububointerstitial nephritis, endogenous antigens have been
shown to induce a cell—mediated, mononuclear interstitial infil-
trate. This has been shown in Lewis rats which do not possess
the antigen to which anti-TBM antibodies are raised [32], in
Heymann nephritis [33] and in rabbits immunized with homol-
ogous kidney [311. Exogenous antigens have also been shown to
elicit a DTH reaction when injected into the renal interstitium
[34]. Anti-TBM antibodies have been demonstrated in 70% of
patients with crescentic glomerulonephritis due to anti-GBM
disease and granular deposits of immunoglobulin in the inter-
stitium, presumably representing immune complexes, have
been demonstrated in a proportion of patients with lupus
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nephritis [35]. However, in most glomerulonephritides no such
interstitial immune reactants are present and so some other
explanation for the interstitial leukocytic accumulation, must be
sought.
Although increased OKT4 : OKT8 ratios in the circulation
have been demonstrated in patients with IgA nephropathy,
membranous nephropathy, and focal glomeruloclerosis [36],
there was no demonstrable alteration from the normal
OKT4:OKT8ratio examined in situ in the interstitium.
Hence, whatever the immunoregulatory process leading to
these observations, it cannot be said that the in situ population
of lymphocytes merely reflects changes in the circulating lym-
phocyte population.
The density of mononuclear leukocytic infiltration in the
interstitium, but not the glomerulus, correlates with the degree
of renal impairment. This observation agrees with previous data
which suggests that renal function is much more closely corre-
lated with interstitial fibrosis than it is with glomerular changes
in patients with glomerulonephritis [37—39]. It may well be that
the interstitial leukocyte infiltration per se is the underlying
determinant of the progression of renal failure in glomerulone-
phritis, rather than the glomerular changes.
The current study clearly demonstrates that the classical
mononuclear participants in a cell—mediated immune reaction
are present in the kidney in patients with glomerulonephritis.
We believe that this interstitial leukocytic infiltration is an
important component of most forms of glomerulonephritis and
may well play a major role in both the immune pathogenesis and
the progression of glomerulonephritis.
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